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THE  RESERVA  CUZCO  AMAZONICO,  PERU: 
BIOLOGICAL  INVESTIGATIONS,  CONSERVATION, 

AND  ECOTOURISM 

William  E.  Duellman'  and  Jose  E.  Koechlin- 

During  the  past  two  decades  the  Amazonian  rain  forest  has  been  destroyed 
at  an  ever-increasing  rate.  Many  areas  have  been  decimated  of  natural 
vegetation  before  the  biota  was  sampled.  Some  national  parks,  ecological 
reserves,  and  sanctuaries  provide  limited  protection  of  plants  and  animals  and 
the  natural  maintenance  of  the  lowland  tropical  rain-forest  ecosystem.  However, 
conservation  of  most  such  areas  is  poorly  funded  and  they  receive  little 
protection;  squatters  clear  the  land,  and  local  hunters  poach  the  wildlife. 
Clearly,  conservation  efforts  run  counter  to  the  socioeconomic  pressures  of 
the  burgeoning  human  population  on  economically  depressed  societies. 

Most  of  the  Departamento  de  Madre  de  Dios  in  southern  Amazonian  Peru 
still  supports  primary  forest,  because  in  southwestern  Brazil  the  Rio  Madeira, 
into  which  the  Rio  Madre  de  Dios  flows,  is  unnavigable  owing  to  numerous 
rapids;  thus,  products  cannot  be  shipped  from  this  region  by  river.  The  first 
major  exploitation  of  the  region  was  by  the  rubber  baron  Fitzcarrald  at  the  turn 
of  the  century.  Subsequently,  adventuresome  souls  panned  for  gold  in  the 
rivers.  Today,  only  one  poor  road  exists  from  the  Andes  into  Madre  de  Dios. 
Despite  the  relative  lack  of  communication  with  the  rest  of  the  country,  during 
the  past  decade  Madre  de  Dios  has  witnessed  increased  exploitation — logging. 
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cattle  ranching,  subsistence  farming,  gold  dredging,  and  organized  hunting. 
Now,  plans  exist  for  the  connection  of  the  Brazilian  trans-Amazonian  highway 
to  the  Pacific  coast  through  Puerto  Maldonado,  Peru  (Ochoa,  1989).  Construc- 
tion of  this  road  would  reduce  the  cost  of  exportation  of  forest  products  and  cattle 
from  western  Brazil,  but  would  imperil  the  natural  environment  in  Madre  de 
Dios. 

In  Peru,  government  and  nongovernment  agencies  and  private  individuals 
have  been  instrumental  in  setting  aside  tracts  of  land  for  the  preservation  of  the 
environment  and  wildlife.  Four  such  areas  exist  in  Madre  de  Dios — Parque 
Nacional  Manii,  ReservaTambopata,  ReservaCuzco  Amazonico.  and  Santuario 
Nacional  del  Heath  ( Fig.  1 ).  These  protected  areas  contain  1 ,646,9 1 5  ha  or  about 
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Fig.  1 .  Map  of  Departamento  de  Madre  de  Dios.  Peru,  showing  the  location  of 
ecological  reserves  (Cuzco  Amazonico  andTambopata),  Parque  Nacional  del  Manii, 
Santuario  Nacional  del  Heath,  and  principal  rivers  and  towns.  1  =  Cocha  Cashu;  2  = 
Pakitza;  3  =  Reserva  Tambopata;  4  =  Cuzco  Amazonico:  5  =  Lago  Sandoval:  6  = 
Santuario  Nacional  del  Heath.  Based  on  Mapa  Fi'sico  Politico.  Departamento  de 
Madre  de  Dios,  Atlas  del  Perii,  Instituto  Geogratico  Nacional,  Lima.  1989. 
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19%  of  the  area  of  Madre  de  Dios.  A  new  reserve,  the  Reserva  Tambopata- 
Candamo.  theoretically  will  preserve  the  area  from  the  existing  Reserva 
Tambopata  to  the  Bolivian  border  and  will  include  the  Andean  slopes  as  well 
as  the  Amazon  lowlands. 

The  purposes  of  this  paper  are  to  ( 1 )  provide  a  brief  account  of  the  history 
of  the  Reserva  Cuzco  Amazonico,  (2)  describe  the  natural  environment  of  the 
reserve,  (3)  summarize  biological  investigations  that  have  been  undertaken  or 
are  in  progress  at  the  reserve,  including  the  Neotropical  Biological  Diversity 
Program,  and  (4)  discuss  the  interrelationships  of  biological  investigations, 
conservation,  and  ecotourism.  In  so  doing,  we  attempt  to  provide  general 
background  material  for  future  biological  investigations  and  to  illustrate  how 
these  investigations  can  be  associated  with  conservation  measures  and 
ecotourism,  thereby  providing  a  mutually  beneficial  relationship  between 
science  and  commerce. 


HISTORY 

Cuzco  Amazonico  (Albergue  Lodge  Cuzco  Amazonico,  S  A)  was  conceived 
as  a  tourist  lodge  in  1974.  The  region  of  Iquitos.  Departamento  de  Loreto,  in 
northern  Peru  had  long  been  a  center  for  tourism  for  persons  wishing  to  visit 
the  Amazon  "jungle."  However,  the  great  distance  from  Iquitos  to  other  areas 
of  interest  to  tourists,  as  well  as  the  extensive  destruction  of  forests  in  the 
immediate  vicinity  of  Iquitos,  weighed  heavily  in  the  decision  to  install  a  new 
"jungle  lodge"  in  the  relatively  undisturbed  forests  in  the  Departamento  de 
Madre  de  Dios.  Puerto  Maldonado,  the  only  city  in  Madre  de  Dios,  had 
scheduled  air  service  with  Cuzco.  the  major  tourist  center  in  Peru.  Accordingly, 
a  site  was  selected  on  the  Rio  Madre  de  Dios  downstream  from  Puerto 
Maldonado.  Today,  there  is  daily  jet  service  from  Lima  and  Cuzco  to  Puerto 
Maldonado,  from  which  the  site  is  reached  by  a  scenic  trip  of  less  than  an  hour 
by  launch. 

The  lodge  opened  on  government  land  in  April  1976.  In  1978,  Cuzco 
Amazonico  purchased  196  ha  that  included  the  site  of  the  lodge.  The 
following  year,  the  Peruvian  government  granted  Cuzco  Amazonico  an 
adjacent  10,000  ha  to  be  administered  as  a  private  reserve  for  biological 
investigations  and  tourism.  Since  1 976,  the  lodge  has  grown  from  a  few  crude 
cabins  to  an  oasis  in  the  forest  that  includes  a  large  lodge  with  a  kitchen,  dining 
facilities,  and  a  bar,  together  with  50  comfortable  bungalows  constructed  of 
natural  materials;  each  bungalow  has  two  beds  with  mosquito  nets,  shower, 
lavatory,  flush  toilet,  and  a  porch  complete  with  hammocks  (Figs.  2-3).  In 
1 989,  a  laboratory  (6  x  1 2  m )  was  constructed  near  the  perimeter  of  the  camp. 
The  laboratory  has  large  work  tables  and  benches,  storage  shelves,  sink  and 
running  water,  a  toilet,  a  gasoline-powered  DC  generator  that  provides 
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Fig.  2.     The  main  lodge  building  at  Cuzco  Amazonico;  bungalows  and  the 
laboratory  are  to  the  right  of  the  picture.  Photo  by  WED. 
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Fig.  3.     A  bungalow  at  Cuzco  Amazonico.  Photo  by  John  E.  Simmons. 
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electricity  for  lights  in  the  laboratory  and  for  charging  batteries  and  running 
computers  and  printers,  a  weather  station  consisting  of  a  continuously 
recording  hygrothennograph  and  rain  gauge,  and  a  modest  library  (Figs.  4-5). 

Early  on,  a  modest  nature  trail  was  established;  subsequently,  this  was 
lengthened  to  a  circular  trail  1 .800  m  long  that  begins  and  ends  at  the  camp. 
Local  guides  share  their  knowledge  of  plants  and  animals  with  tourists  on  this 
trail.  Over  the  years,  the  guides  have  expanded  their  knowledge  by  interacting 
with  visiting  biologists  and  now  emphasize  not  only  the  diversity  of  life,  but 
also  the  necessity  of  preserving  rain  forests.  A  system  of  nearly  16  km  of  trails 
cuiTently  exists  in  the  southwestern  part  of  the  reserve,  and  five  platforms 
have  been  placed  in  large  trees  for  observations  in  the  canopy. 

The  number  of  tourists  has  increased  from  a  few  dozen  in  1976  to  more 
than  3,000  annually.  Likewise,  the  number  of  biologists  working  at  the 
reserve  has  increased  from  five  in  1979  to  30  in  1990.  Tourism  supports  the 
maintenance  of  facilities  and  protection  of  the  reserve,  and  partially  defrays 
the  expenses  of  biologists  working  in  the  reserve. 


NATURAL  ENVIRONMENT 

Most  of  the  data  pertaining  to  the  following  description  of  the  natural 
environment  of  the  reserve  were  obtained  during  the  Neotropical  Biological 
Diversity  Project  (BIOTROP).  (See  following  section.) 

The  Reserva  Cuzco  Amazonico  consists  of  10,000  ha  at  an  elevation  of 
about  200  m  above  sea  level  on  an  alluvial  plain  on  the  north  bank  of  the  Rio 
Madre  de  Dios,  about  15  km  east-northeast  of  the  town  of  Puerto  Maldonado, 
Provincia  de  Tambopata,  Departamento  de  Madre  de  Dios,  in  the  southern 
part  of  Amazonian  Peru  (Fig.  1 ).  Biological  studies  have  been  concentrated 
on  the  southwestern  part  of  the  reserve,  the  southwestern  corner  of  which  is 
at  69°05"W,  12°35'S.  With  the  exception  of  the  steep  banks  of  the  Rio  Madre 
de  Dios  and  lower  Quebrada  Madama,  the  terrain  is  generally  flat  with  the 
total  relief  no  more  than  5  m  (Figs.  6-7). 

For  the  most  part,  studies  of  the  tenestrial  biota  have  been  confined  to  areas 
reached  by  a  system  of  about  10  km  of  trails  (Trails  A-D);  recently,  efforts 
have  been  concentrated  in  two  study  zones  (Fig.  8).  In  each  study  zone,  there 
are  two  trails  designated  as  "E"  and  "U"  that  bisect  25  contiguous  quadrats  of 
20  X  20  m  (Fig.  9).  Zone  1  is  in  terra  firma  forest  (Fig.  10),  whereas  Zone  2 
is  in  forest  that  is  inundated  in  the  rainy  season  by  accumulated  rainfall  and 
runoff  (Fig.  11). 

Soils. — Samples  taken  from  quadrats  in  the  study  zones  reveal  a  texture  of 
loam  commonly  mixed  with  silt  and/or  clay  (Fig.  12).  Superficial  soils  (top 
2  cm)  contain  14^8%  (J=  24.2)  sand,  38-60%  ( J  =  49.8)  silt,  and  10-40% 
(.V  =  26.0)  clay,  with  a  pH  of  4.2-7.2  (.v  =  5.25).  Subsurface  soils  (depth  of 
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Fig.  4.     The  authors  in  front  of  the  newly  constructed  laboratory  at  Cuzco 
Amazonico  in  June  1989.  Photo  by  Erik  R.  Wild. 


Fig.  5.     hiterior  of  laboratory  at  Cuzco  Amazonico.  Photo  by  WED. 


THE  RESERVA  CUZCO  AMAZONICO.  PERU 


i^. 


.tf'<" 


W. 


f^A-' 


.,-1  ''^■.->.  .,rr' 


P  .-/■^-•-*a 


Fig.  6.  Vegetation  along  the  north  bank  of  the  Rio  Madre  de  Dios  at  Cuzco 
Amazonico.  The  plants  along  the  bank  are  cana  brava  { Gynerium  sagittatum):  between 
these  and  the  high  forest  are  Cecropia.  Photo  by  WED. 


Fig.  7.     View  upstream  of  the  Quebrada  Madama  from  a  point  just  southwest  of 
380  m  on  Trail  B.  Photo  by  WED. 
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ca.  30  cm)  contain  1 2-32%  ( J=  1 8.0)  sand,  32-54%  (J=43.8)  silt,  and  26-50% 
(.?=  38.2)  clay,  with  a  pH  of  4.2-6.6  (.?  =  4.9). 

Climate. — The  nearest  continuously  operating  weather  station  is  at  Puerto 
Maldonado,  about  15  km  west-southwest  of  Cuzco  Amazonico.  Data  from 
there  for  1971-1988  reveal  that  total  annual  rainfall  is  highly  variable,  with 
annual  extremes  of  1,836-3,418  mm  {x  =  2,387).  The  rainy  season  extends 
from  October  through  March  with  the  heaviest  rainfall  in  January  and 
February;  the  least  amount  of  rain  falls  in  June  and  July.  However,  the  amount 
of  rain  in  a  given  month  varies  greatly  from  year  to  year  (Table  1 ).  Temperature 
data  are  available  for  1978-1989.  October  is  the  hottest  month  with  a  mean 
monthly  maximum  of  32.3°C.  The  mean  monthly  maxima  and  minima  for 
other  selected  months  are,  as  follow:  January  30.7  and  2 1 .6°C,  February  30.8 
and  21.3°C,  June  28.5  and  17.2°C,  and  July  29.9  and  17.3°C. 

A  continuously  recording  hygrothermograph  was  maintained  in  the 
thatched-roofed,  screened  laboratory  at  Cuzco  Amazonico  during  the  two 
study  periods — viz.,  in  the  dry  season  (6  June-18  July  1989)  and  in  the  rainy 
season  (19  January-1  March  1990).  Rainfall  was  sporadic  during  the  dry 
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Fig.  8.  Map  of  southwestern  part  of  Reserva  Cuzco  Amazonico  showing  location 
of  tourist  lodge,  trails,  and  study  zones.  Stippled  areas  are  inundated  in  the  rainy 
season.  Trails  are  indicated  by  letters  A-I.  Black  triangles  are  sites  of  arboreal 
platforms;  numbers  in  circles  are  sites  of  tigure  numbers  of  photographs  published 
herein.  Based  on  surveys  by  WED,  1986-1989  and  trails  cut  in  1991  by  Bryant  W. 
Buchanan. 
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Table  1.     Monthly  laintall  (mm)  at  Puerto  Maldonado,  Peru  (1971-1988). 


Month 

Minimum 

Maximum 

Mean 

SD 

January 

167.0 

701.0 

441.0 

138.1 

February 

72.9 

622.0 

384.1 

177.7 

March 

46.0 

559.0 

287.9 

1 39.6 

April 

0.0 

395.6 

178.5 

97.0 

May 

2.0 

237.0 

107.2 

61.0 

June 

5.0 

175.0 

64.7 

51.4 

July 

0.0 

273.0 

60.4 

74.2 

August 

0.0 

283.0 

77.3 

74.5 

September 

23.0 

298.1 

112.8 

87.8 

October 

59.0 

442.0 

188.3 

99.3 

November 

174.4 

467.0 

262.2 

74.4 

December 

149.0 

464.1 

291.0 

101.1 

season;  the  heaviest  rain  of  25  mm  occuired  on  6  July,  whereas  rainfall  was 
frequent  in  the  rainy  season  with  the  heaviest  rainfall  of  127.6  mm  on  10 
February  (Table  2).  Moderately  strong  southerly  winds  in  the  dry  season 
resulted  in  precipitous  temperature  declines  on  two  occasions.  One  of  these 
cold  spells  lasted  3  days,  during  which  time  temperatures  dropped  to  9°C  on 
three  consecutive  nights.  At  night,  the  relative  humidity  reached  92-99%  in 
both  seasons.  The  lowest  humidities  were  recorded  near  midday;  in  the  dry 
season  these  were  32-90%  ( x  =  62.2)  and  in  the  rainy  season,  5 1-92%  {x  =  66 A) 
(Figs.  13-14). 

Annual  differences  in  rainfall  patterns  are  evident  by  comparison  of  data 
recorded  at  Cuzco  Amazonico  in  February  1986  and  February  1990.  In  1986, 
23  days  had  rainfall  that  totaled  35 1 .8  mm;  10  mm  or  more  fell  on  each  of  14 
days,  and  the  heaviest  daily  rainfall  was  67.0  mm.  In  1990,  20  days  had 
rainfall  that  totaled  266.7  mm,  but  1 0  mm  or  more  fell  on  each  of  only  5  days; 
however,  the  heaviest  daily  rainfall  was  127.6  mm. 

Vegetation. — Cuzco  Amazonico  is  located  near  the  transition  between 

Table  2.     Summary  of  climatic  data  for  Cuzco  Amazonico  for  1989-1990. 


Variable 


Dry  Season 


Rainy  Season 


Total  rainfall  (mm)  per  6-wk  period 
Number  of  days  with  >  1  mm  rainfall 
Maximum  daily  temperatures  (°C) 
Mean  maximum  temperatures  (°C) 
Minimum  daily  temperatures  (°C) 
Mean  minimum  temperatures  (°C) 


45.1 
5 
15.0-31.0 

25.5 
9.0-23.0 

18.0 


179.0 

32 
25.0-32.5 

29.0 
20.0-25.0 


10 


UNIV.  KANSAS  MUS.  NAT.  HIST.  OCC.  PAP.  No.  142 


I  E 
I 

r- 


■Trail  26 


I 
25  I 

I 
-  t 

I 


24 


I 


^  Trail  E 

r  ^-^ 


i.-<-u 


4-  -(»- 


Trail  U 


E 

r-t 

E 
A-  - 


2 

-^ 

1 


20  m 
I I 


U      25 


I  U     24 
I 

r  -'  -  ^ 


u 


u 


♦--(►- 


u 

r-f-i 

u 


■Trail  1 


Fig.  9.  Layout  of  study  zones  showing  positions  of  trails  and  numbering  of 
quadrats.  Dashed  lines  indicate  boundaries  of  quadrats  (20  x  20  m);  dots  at  the  comers 
of  quadrats  and  along  trails  indicate  presence  of  rot-resistant  wooden  stakes,  about  1  ni 


of  which  are  above  ground. 


humid  tropical  forest  and  dry  tropical  forest;  Puerto  Maldonado  receives  an 
annual  average  of  2,387  mm  of  rainfall,  and  the  region  is  mapped  as  humid 
tropical  forest  under  the  Holdridge  system  (Tosi,  1 960).  The  mostly  evergreen 
tropical  forest  on  alluvial  soil  in  the  reserve  contains  about  400  species  of  trees 
(A.  H.  Gentry,  pers.  comm.).  Most  of  the  large  trees  attain  heights  of  about  30 
m  and  form  an  incomplete  forest  canopy.  Emergents  (including  Ceiba, 
Chorisia,  Dipteryx,  and  Ficus)  reach  heights  of  40  m  or  more.  In  the  midlevel 
and  understory  of  the  forest,  the  vegetation  is  rather  dense  with  many  woody 
vines  (Fig.  15);  the  nearly  40  lianas  (>  10  cm  diameter.)  per  ha  is  nearly  twice 
the  average  for  Amazonian  forests  (A.  H.  Gentry,  pers.  comm. ).  Consequently, 
except  in  areas  of  treefalls,  little  sunlight  reaches  the  forest  floor  (Fig.  16).  In 
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Fig.  10.     Terra  tirma  forest.  Photo  by  WED 
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Fig.  1 1 .     Inundated  forest.  Photo  by  WED. 
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Fig.  12.  Average  composition  of  seven  superficial  and  seven  subsurface  soil 
samples  along  each  transect  in  the  study  zones. 

only  10  of  the  100  quadrats  in  the  two  study  zones  does  more  than  25%  of  the 
forest  floor  receive  direct  solar  exposure  at  midday  in  the  dry  season.  Palms 
are  common  components  of  the  understory.  These  include  the  small  solitary 
Phytelephas  macrocarpa,  and  Oenocarpus  sp.,  the  small  colonial  Bactris  sp., 
and  juveniles  of  two  larger  palms — Ihartea  deltoides  and  Scheelea  sp.  (Fig. 
17).  Throughout  the  forest,  the  most  conspicuous  ground  cover  is  ferns,  of 
which  Adiantum  sp.  is  the  most  common.  In  the  100  quadrats,  ferns  cover  as 
much  as  70%  of  the  ground  in  the  ten^a  firma  forest  and  45%  in  the  inundated 
forest.  In  areas  of  poor  drainage,  especially  in  the  inundated  forest,  Heliconia 
(Musaceae)  and  Calathea  (Marantaceae)  are  conspicuous  (Fig.  18);  in  one 
poorly  drained  area,  there  is  a  dense  growth  of  the  large  teirestrial  bromeliad 
Aeclunea  niagdalenae  (Fig.  19).  Bamboos  have  not  been  found  on  the  reserve. 
Arboreal  bromeliads  are  scarce,  but  epiphytic  ferns  and  orchids  are  moderately 
common. 

Terra  firma  and  seasonally  inundated  forests  differ  floristically  and 
physiognomically.  There  are  fewer  ferns  and  less  herbaceous  ground  cover, 
but  more  Heliconia  and  Calathea.  in  inundated  forest  than  in  terra  finna 
forest.  Except  in  areas  of  dense  growths  of  these  plants,  the  understory  is  more 
open  in  inundated  forest  than  in  terra  tinna  forest  (Figs.  20-21 ). 

Islands  in  the  Rio  Madre  de  Dios  have  successional  forest.  Isla  Rolin  is 
about  I  km  long;  the  eastern  part  of  the  island  lies  opposite  the  lodge  in  the 
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southwestern  corner  of  the  reserve.  The  island  supports  a  dense  Cecropia 
forest  with  stands  of  caiia  brava  {Gynerium  sagittatum)  and  the  treehke 
composite  Tessaria  iuicgrifolia.  At  times  of  high  water,  much  of  the  island  is 
flooded,  whereas  at  times  of  low  water,  extensive  sand  beaches  are  exposed, 
thereby  making  this  an  excellent  site  for  recreational  activities. 

As  part  of  the  BIOTROP  project,  all  trees  and  woody  vines  (2,196 
individuals)  having  diameters  at  breast  height  (dbh)  of  10  cm  or  greater  in  the 
100  quadrats  were  marked  with  numbered  aluminum  tags,  measured,  and 
identified.  The  locations  of  marked  trees  and  vines  were  measured  from 
adjacent  comers  of  the  quadrat.  Maps  of  the  trees  in  each  quadrat  were 
generated  by  theTREEMAP  Program  provided  by  the  Smithsonian  Institution 
(Fig.  22).  Trees  and  vines  are  less  numerous  in  terra  fimia  forest  than  in 
inundated  forest.  Each  of  the  transects  in  the  study  zones  encompasses  1  ha 
(25  adjacent  quadrats  20  x  20  m).  The  numbers  of  individual  trees  and  vines 
that  are  10  cm  and  greater  in  diameter  are  534/ha  in  Transect  E  in  Zone  1  and 
54 1/ha  in  Transect  U  in  Zone  1 ;  both  transects  are  in  teira  firma  forest.  There 
are  51 1/lia  in  Transect  E  in  Zone  2.  which  is  only  partly  inundated.  These 
numbers  contrast  with  6 1 0/lia  in  Transect  U  in  Zone  2,  which  is  nearly  entirely 
inundated  after  heavy  rains. 


BIOLOGICAL  INVESTIGATIONS 

The  first  biologists  to  work  at  Cuzco  Amazonico  were  from  the  Museum 
of  Vertebrate  Zoology  at  The  University  of  California,  Berkeley  ( MVZ).  John 
E.  Cadle,  Ned  Johnson.  James  L.  Patton,  Theodore  J.  Papenfuss,  and  their 
students  initiated  studies  of  teiTestrial  vertebrates  in  1979-1983;  specimens 
resulting  from  their  work  are  deposited  at  the  MVZ  and  the  Museo  de  Historia 
Natural,  Universidad  Nacional  Mayor  San  Marcos  (MHNSM).  Between 
1979  and  the  BIOTROP  project  in  1989-1990,  a  variety  of  biological  work 
was  undertaken  at  the  reserve. 

Alwyn  H.  Gentry  and  Percy  Nunez  (MBG)  began  collecting  plants  in  the 
reserve  in  1988.  In  addition  to  their  work  on  the  BIOTROP  project,  with 
which  they  were  assisted  by  Nestor  Jaramillo  and  Oliver  Phillips,  Gentry  and 
his  associates  are  continuing  to  sample  the  flora,  and  preparation  of  a  florula 
of  the  site  is  underway. 

The  first  insects  were  collected  in  198 1  by  Avril  Fox  of  the  Natural  History 
Museum  in  London.  Subsequent  insect  collecting  was  sporadic  until  1989 
when,  during  the  course  of  the  BIOTROP  project,  thousands  of  insects  were 
collected— ants  by  Stefan  R  Cover  and  John  E.  Tobin  (MCZ),  beetles  and 
other  insects  by  James  S.  Ashe  and  Richard  A.  Leschen  (KU),  homopterans 
by  Pedro  Lozado( MHNSM),  flies  by  Gloria  Saravia(  MHNSM ).lepidopterans 
and  other  insects  by  Gerardo  Lamas  and  Mirian  Medina  (MHNSM),  and 
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4       T       5        I         6 
Days  in  July  1989 

Fig.  13.  Climatic  variation  (temperature,  relative  humidity,  and  rainfall)  during 
1  week  in  the  dry  season  at  Cuzco  Amazonico. 

aquatic  insects  by  Ruben  Tejada  (MHNSM).  Much  of  this  tnaterial  is  still  in 
the  process  of  being  prepared  and  identified.  Lamas  and  Medina  are  preparing 
a  checklist  of  the  butterflies  of  the  reserve. 

DuringtheBIOTROPprojectinl989-1990,DianaSilvaDavila(MHNSM) 
collected  spiders,  and  Rina  L.  Ramirez  Mesi'as  (MHNSM)  collected  molluscs 
at  Cuzco  Amazonico.  Publications  on  these  groups  are  in  preparation. 

Tomio  Iwamoto  of  the  California  Academy  of  Sciences  (CAS)  collected 
fishes  at  the  reserve  in  May  and  June  1983.  His  collecting  stations  included 
the  Rio  Madre  de  Dios,  the  Quebrada  Madama,  and  many  pools  in  the  forest. 
Additional  collections  of  fishes  were  made  by  Jaime  Villa  then  of  The 
University  of  Missouri  at  Kansas  City  and  by  Hernan  Ortega  (MHNSM ),  who 
continues  to  sample  the  fish  fauna. 

The  first  major  herpetological  collections  were  made  in  1986  by  William 
E.  Duellman.  Linda  Trueb,  and  associates  (KU)  and  Victor  R.  Morales 
(MHNSM).  Collections  of  amphibians  and  reptiles  were  continued  through 
the  BIOTROP  project  in  1989-1990.  A  complete  list  of  herpetological 
collectors  and  an  annotated  checklist  of  the  amphibians  and  reptiles  known 
from  the  reserve  is  provided  by  Duellman  and  Salas  (1991). 

In  addition  to  the  ornithological  work  at  the  reserve  by  Ned  Johnson  in 
1982  and  1983,  several  ornithologists  (e.g.,  Charles  A.  Munn,  Enrique  Ortiz, 
Thomas  S.  Schulenberg)  helped  to  compile  a  list  of  birds.  The  major 
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23   I   24   '   25 
Days  in  January  1  990 

Fig.  14.  Climatic  variation  (temperature,  relative  humidity,  and  rainfall)  during 
1  week  in  the  rainy  season  at  Cuzco  Amazonico. 

ornithological  collections  were  made  during  the  BIOTROP  project  in  1989-1990. 
A  summary  of  ornithological  activities  and  a  checklist  of  the  birds  known 
from  the  reserve  is  provided  by  Davis  et  al.  ( 1991 ). 

Aside  from  the  modest  collection  of  mammals  made  at  Cuzco  Amazonico 
in  1979  and  1984  by  personnel  from  the  MVZ,  the  only  major  collection  of 
mammals  was  assembled  during  the  BIOTROP  project  in  1989-1990.  A 
summary  of  the  work  on  mammals  and  a  checklist  of  the  species  known  from 
the  reserve  are  provided  by  Woodman  et  al.  (1991). 

Basic  to  all  biological  investigations  in  any  area  is  a  knowledge  of  the 
occurrence,  abundance,  and  local  distribution  of  the  species  of  plants  and 
animals.  The  acquisition  of  these  kinds  of  data  is  especially  difficult  in 
lowland  tropical  rain  forests  because  of  the  great  numbers  of  species,  the 
seasonal  flowering  of  plants  and  activity  of  certain  animals  (e.g.,  lepidopterans 
and  anurans),  and  the  arboreal  habits  of  many  animals.  Although  many 
species  of  birds  were  observed  or  heard  in  the  forest  canopy,  and  some  species 
of  monkeys  were  observed  there,  our  knowledge  of  the  occurrence  and 
abundance  of  insects  and  vertebrates  in  the  canopy  is  extremely  poor.  At  this 
time,  no  methodical  sampling  of  the  canopy  fauna  has  been  undertaken.  The 
newly  constructed  platfonns  in  five  giant  trees  on  the  reserve  provide  access 
to  the  canopy  and  should  facilitate  observations  of  birds  and  mammals.  In  the 
near  future,  the  insect  fauna  of  the  canopy  also  will  be  sampled  by  fogging 
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with  insecticide;  the  resuUs  of  this  method  should  greatly  increase  our 
knowledge  of  the  insect  fauna. 

In  addition  to  inventories,  other  biological  studies  have  been  undertaken 
at  Cuzco  Amazonico.  Duellman  (1987)  reported  on  the  community  ecology 
of  lizards  in  the  reserve.  Two  ongoing  investigations  involve  internal  parasites 
of  frogs.  Mark  W.  Chandler  of  McGill  University  in  Montreal  collected 
material  in  the  reserve  in  October  1988-March  1989;  his  research  involves 
the  effect  of  parasite-loading  on  reproductive  behavior  in  male  frogs.  Mary 
E.  Gray  ( KU )  worked  at  Cuzco  Amazonico  in  December  1 989-January  1 990; 
her  study  is  centered  on  parasite  infestations  with  respect  to  different  modes 
of  life  histories  of  selected  species  of  frogs.  Erik  R.  Wild  (KU)  spent 
December  1 989-April  1 990  gathering  data  on  communities  of  tadpoles  in  the 
reserve.  Beginning  in  1989,  Bryant  W.  Buchanan  of  the  University  of 
Southwestern  Louisiana  initiated  field  studies  on  male  reproductive  tactics  of 
selected  species  of  tree  frogs  with  special  emphasis  on  satellite  behavior.  In 
February  1 99 1 ,  Diana  Davidson  of  the  University  of  Utah  and  two  assistants 
began  a  3-yr  project  on  Cecropia  and  their  associated  commensal  ants. 

Other  research  in  progress  at  Cuzco  Amazonico  is  directed  toward  major 
publications  on  the  flora  by  Martin  Timana  and  Alwyn  H.  Gentry,  the 
herpetofauna  by  William  E.  Duellman,  and  the  mammals  by  Robert  M.  Timm. 
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Fig.   15.     Woody  vines  on  buttressed  tree,  Ceiba  pentandra  (Bombacaceae). 
Photo  by  WED. 
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THE  NEOTROPICAL  BIOLOGICAL  DIVERSITY 

PROGRAM 

The  Neotropical  Biological  Diversity  Program  (BIOTROP)  was  conceived 
during  a  series  of  meetings  in  1988  and  now  is  administered  by  the  Center  for 
Neotropical  Biological  Diversity  at  The  University  of  Kansas.  Conceptually, 
the  program  is  designed  to  strengthen  existing  policies  for  wise  management 
and  use  of  the  biosphere.  Moreover,  it  is  intended  to  aid  in  the  creation  and 
implementation  of  effective  new  management  strategies — strategies  that 
must  be  based  on  as  complete  a  knowledge  of  the  composition  of  the 
biosphere  as  possible  given  realistic  time  constraints.  Preservation  and 
enlightened  use  of  the  world's  biological  diversity  require  far  more  precise 
knowledge  about  the  living  components  of  the  biosphere,  their  distributions, 
and  the  factors  affecting  their  occurrence,  relative  abundances,  and  interactions 
than  is  now  available.  These  precepts  are  in  accord  with  recommendations 
made  by  systematists  and  ecologists  (NAS,  1980;  NSB,  1990)  and  by 
conservationists  (Soule  and  Kohm,  1989;  McNeely  et  al.,  1990). 

Strategy. — The  BIOTROP  strategy  for  surveying  neotropical  biological 
diversity  represents  a  major  cooperative  effort  by  U.S.  and  Latin  American 
institutions.  The  project  will  require  many  years;  its  duration  depends  on 
availability  of  resources,  both  in  costs  and  personnel.  The  proposed  strategy 
is  to  ( 1 )  acquire  data  on  the  occurrence  and  abundance  of  terrestrial  organisms 
that  are  relatively  well  known  taxonomically  (i.e.,  woody  plants,  vertebrates, 
ants,  and  butterflies)  at  numerous  sites  during  a  relatively  short  period  of  time; 
(2)  select  study  sites  in  diverse  environments,  including  protected  areas  and 
nonprotected  areas  in  immediate  danger  of  destruction,  with  initial  emphasis 
on  tropical  forests  that  are  being  decimated  at  a  rapid  rate;  and  (3)  collect  data 
in  a  manner  that  is  comparable  among  sites. 

The  strategy  is  designed  to  develop  data  bases  that  characterize  the  biotas 
of  diverse  terrestrial  environments  in  tropical  America.  Field-sampling 
protocols  are  designed  to  provide  comparable  data  describing  the  spatial  and 
temporal  associations  of  groups  of  organisms  that  are  relatively  well  known 
taxonomically,  along  with  selected  physical  environmental  variables  at 
diverse  sites.  The  objectives  of  the  strategy  are  to  (1)  characterize  the 
taxonomic  composition  and  species  associations  of  terrestrial  environments 
in  the  American  tropics;  (2)  elucidate  physical  environmental  and  other 
factors  that  are  presumed  to  affect  the  taxonomic  composition  and  distribution 
of  terrestrial  tropical  species  associations;  (3)  establish  taxonomic  and 
ecological  baselines  for  tropical  terrestrial  environments  that  can  be  used  to 
assess  future  change  in  relation  to  human  population  growth,  economic 
development,  andclimatic  change;  (4)  identify  specific  areas  urgently  requiring 
preservation  and  more  intensive  study;  (5)  strengthen  technical  training  and 
graduate  education  programs  designed  to  increase  the  numbers  of  Latin 
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Fig.  16.  Forest  gap  created  by  tree  fall.  Seedlings  and  saplings  include  Acacia  sp. 
(Leguminosae).  Cecropia  sp.  (Moraceae),  Piper  rericulatiim  (Piperaceae), 
Pseiidolmedia  lacvia  (Moraceae),  Solaniim  anceps  (Solanaceae).  Tectaria  incisa 
(Adiantaceae),  and  Triplaris  poeppigiana  (Polygonaceae).  Photo  by  WED. 


American  and  U.S.  scientists  and  technicians  who  are  trained  in  systematic 
biology  and  thereby  able  to  participate  in  the  strategy;  and  (6)  use  the  research 
results  for  interpreting  patterns  of  speciation  and  biogeography  and  in  support 
of  enlightened  conservation. 

The  implementation  of  the  strategy  involves  ( 1 )  selection  (in  collaboration 
with  institutions  and  personnel  in  Latin  America)  of  sites  that  represent  all 
major  terrestrial  habitats  in  Latin  America;  (2)  depending  on  the  diversity  of 
habitats,  establishment  of  one  or  more  systems  of  quadrats  at  each  site;  (3) 
initiation  of  sampling  protocols  for  woody  plants,  terrestrial  vertebrates,  and 
selected  groups  of  invertebrates;  (4)  prescribed  collection  of  data  on  physical 
and  environmental  variables;  (5)  creation  of  centers  of  data  management 
designed  to  control  the  input  and  quality  of  data  and  to  provide  responsible 
access  to  the  data  base  by  the  international  community  (e.g.,  qualified 
scientists  and  governmental  and  nongovernmental  agencies)  for  research 
purposes  and  conservation;  and  (6)  timely  production  of  descriptive  reports 
that  present  the  results  of  preliminary  investigations. 

Initial  implementation  of  the  program  necessitated  a  site  for  which  some 
prior  biological  knowledge  was  available  and  one  that  provided  few  logistic 
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Fig.  17.     A  solitary  palm.  Phytelephas  macwcarpa .  an  important  component  of 
the  understory.  Photo  by  WED. 

problems.  Cuzco  Amazonico  was  a  chosen  for  the  initial  site  study.  With 
significant  collaborative  support  from  the  Asociacion  de  Ecologia  y 
Conservacion  (ECCO)  in  Lima,  field  parties  composed  of  biologists  from  the 
University  of  Kansas  (KU),  the  Missouri  Botanical  Garden  (MBG).  the 
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Museum  of  Comparative  Zoology  at  Harvard  University  (MCZ).  and  the 
Museo  de  Historia  Natural  at  the  Universidad  San  Marcos  (MHNSM )  worked 
at  Cuzco  Amazonico  for  6  wk  in  the  dry  season  in  June  and  July  1989  and  6 
wk  in  the  rainy  season  in  January-March,  1990. 

Sampling  Protocol. — Herbarium  specimens  were  prepared  of  all  numbered 
trees  and  vines  (i.e.,  plants  >  10  cm  dbh),  except  for  a  few  common,  easily 
identified  species  that  were  sampled  (as  voucher  specimens)  only  once  in  each 
zone.  In  addition,  smaller  woody  plants  (>2.5  cm  diameter)  were  sampled  in 
a  subplot  of  0. 1  ha  (2  X  500  m)  parallel  to  Trail  U  in  Zone  1 .  Also,  when  found 
in  fertile  condition,  herbs,  grasses,  ferns,  and  epiphytes  were  collected  in  and 
near  the  study  zones.  Specimens  were  distributed  among  the  herbaria  at  the 
MBG,  MHNSM,  and  the  Universidad  Nacional  de  San  Antonio  Abad  in 
Cuzco,  Peru.  Results  of  the  botanical  investigations  will  be  reported  separately 
by  A.  H.  Gentry  and  M.  Timana. 

An  attempt  was  made  to  sample  animals  evenly  throughout  the  quadrat 
system.  For  example,  small  mammals  were  sampled  by  means  of  a  series  of 
trap  stations,  as  outlined  by  Woodman  et  al.  (1991).  One  station  was  located 
in  each  quadrat  and  consisted  of  four  traps — two  on  the  ground  and  two  at 
0.2-2.0  m  above  the  ground  in  order  to  sample  both  terrestrial  and  arboreal 
species.  Traplines  were  run  for  12  days  in  each  field  season.  Likewise,  mist 
nets  were  erected  to  catch  birds  and  bats  at  specific  places  in  the  quadrats 
during  both  seasons.  Two  systems  of  drift  fences  with  pitfall  traps  were  set  up 
in  quadrats  in  each  study  zone.  Amphibians  and  reptiles  were  collected 
mainly  by  personnel  moving  through  the  quadrat  system  by  day  and  night; 
approximately  equal  effort  was  devoted  to  each  study  zone  in  both  seasons. 
The  songs  of  birds  were  recorded  in  both  seasons,  and  certain  birds  and 
mammals  were  shot  opportunistically.  Ants,  lepidopterans,  spiders,  and 
molluscs  were  collected  systematically  throughout  the  quadrat  system. 
Although  collecting  efforts  were  concentrated  in  the  quadrats,  some  material 
was  collected  or  observed  along  the  trails  between  the  camp  and  the  study 
zones  and  variously  along  the  other  trails  on  the  reserve.  This  material 
augmented  the  numbers  of  specimens  and  species  from  the  quadrats  and 
provided  a  more  neariy  complete  assessment  of  diversity  in  the  area.  Threatened 
and  endangered  species  were  not  collected;  they  were  recorded  by  observation 

only. 

All  animals  collected  and/or  observed  were  noted  with  respect  to  quadrat, 
association  with  a  numbered  tree  (if  any),  height  above  ground,  date,  hour, 
and  activity.  Data  were  either  recorded  in  the  field  on  pocket  recorders  and 
later  transcribed  to  standardized  Field  Data  Sheets  or  entered  directly  onto 
these  sheets.  Subsequently,  all  data  were  entered  into  a  menu-driven  data- 
management  system  written  in  DBASEIV  on  portable  computers  in  camp.  In 
addition  to  the  data  entered  into  the  computerized  system,  individual  field 
catalogues  of  vertebrates  were  maintained.  In  these,  the  weights  of  each 
individual  preserved  (also  of  individuals  subsequently  released)  and  notes  on 
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Fig.  18. 


Dense  growth  of  Helicoiiia  (Musaceae)  in  inundated  forest.  Photo  by 


WED. 


Fig.  19. 
WED. 


Dense  growth  of  terrestrial  bromeliad,  Aechmea  magdalenae.  Photo  by 


22  UNIV.  KANSAS  MUS.  NAT.  HIST.  OCC.  PAP.  No.  142 

reproductive  condition  were  recorded;  all  standard  data  for  mammals  and 
birds  were  also  recorded.  In  addition,  tissue  samples  were  collected  for 
molecular  studies,  and  ectoparasites  of  birds  and  mammals  were  preserved 
for  studies  of  host-parasite  associations. 

Results. — Some  plants  and  insects  still  are  being  sorted  and  identified. 
Although  some  taxa  have  been  identified  only  as  morphospecies,  the  numbers 
of  taxa  of  some  invertebrates  and  all  vertebrates  are  available  (Table  3).  With 
the  exception  of  birds,  monkeys,  tree  squirrels,  and  some  marsupials,  these 
numbers  represent  taxa  only  found  on  the  ground  and  in  the  understory. 
Consequently,  the  samples  do  not  include  many  species  of  arboreal  insects 
and  possibly  spiders,  some  arboreal  lizards  and  snakes,  and  bats  that  are  active 
only  in  the  canopy. 

One  major  problem  confronting  biologists  undertaking  inventories  in 
lowland  tropical  rain  forest  is  determining  the  diversity  of  any  group  of 
organisms.  Although  it  is  possible  to  sample  all  of  the  species  of  plants  in  a 
given  system  of  quadrats,  sampling  all  of  the  species  of  a  given  group  of 
animals  (e.g.,  butterflies  or  lizards)  in  a  reasonable  period  of  time  is  nearly 
impossible  owing  to  the  vagility,  seasonality,  or  cryptic  behavior  of  many 
species  of  animals.  In  order  to  ascertain  the  effectiveness  of  sampling 
techniques,  species-discovery  rates  were  detennined  for  some  groups  of 
animals  (Fig.  23).  The  curves  for  reptiles  and  mammals  have  not  reached  their 
asymptotes;  most  of  the  species  of  reptiles  added  toward  the  end  of  the 
sampling  period  were  snakes,  whereas  bats  accounted  for  most  of  the 
additions  among  the  mammals.  These  data  suggest  that  additional  sampling 
is  required  in  order  to  have  a  reasonably  complete  inventory  of  these 
organisms. 

Because  of  the  extensive  earlier  collections  of  amphibians  and  reptiles 
from  the  reserve,  the  inventory  of  the  heipetofauna  is  the  most  nearly 

Table  3.  Numbers  of  taxa  of  selected  groups  of  invertebrates  and  of  terrestrial 
vertebrates  recorded  at  Cuzco  Amazonico  during  the  BIOTROP  project. 

Taxonomic  Group  Families  Genera  Species 

Ants 

Butterflies 

Flies 

Homopterans 

Spiders 

Molluscs 

Amphibians 

Reptiles 

Birds 

Mammals 


1 

64 

262 

6 

65 

314 

28 

29 

116 

13 

322 

42 

264 

457 

17 

24 

30 

7 

23 

53 

16 

49 

63 

51 

233 

341 

28 

74 

100 
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complete.  This  species  list  amounts  to  64  species  of  amphibians  and  81 
species  of  reptiles.  By  plotting  cumulative  field  time  for  the  BIOTROP 
project  against  the  cumulative  percent  of  total  number  of  known  species,  it  is 
possible  to  ascertain  the  effectiveness  of  the  sampling  (Fig.  24).  These  data 
show,  for  example,  that  a  greater  percentage  of  amphibians  and  lizards  than 
that  of  snakes  was  obtained  during  the  sampling  period  in  1989-1990. 

The  sampling  protocol  of  the  BIOTROP  project  within  a  defined  quadrat 
system  permits  the  determination  of  species  associations:  these  will  be 
undertaken  in  the  near  future.  However,  it  is  evident  that  the  sampling  and 
data-recording  protocols  allow  for  repeatability  and  comparisons  between 
habitats  at  a  given  site  and  will  permit  meaningful  comparisons  among  sites. 

Comparisons  with  other  sites. — Although  comparable  sampling 
techniques  have  not  been  used  at  other  sites,  it  is  possible  to  compare  the 
numbers  of  species  of  some  groups  known  from  various  sites  in  Madre  de 
Dios.  The  sites  for  comparison  with  Cuzco  Amazonico  are  the  Reserva 
Tambopata  and  Cocha  Cashu  in  the  Parque  Nacional  Manu  (Fig.  1 ).  Erwin 
( 1 985 )  provided  a  description  of  the  Reserva  Tambopata.  andTerborgh  ( 1 983, 
1 990)  described  Cocha  Cashu.  Both  of  these  sites  are  more  diverse  ecologically 
than  Cuzco  Amazonico,  which  has  been  subjected  to  more  human  disturbance 
than  Cocha  Cashu. 

The  herpetofaunas  of  Tambopata  and  Cuzco  Amazonico  have  received 
about  equal  sampling  effort,  whereas  studies  at  Cocha  Cashu  have  emphasized 
amphibians  more  than  reptiles.  Data  from  Tambopata  were  provided  by  Roy 
W.  McDiarmid  (pers.  comm.).  and  those  from  Cocha  Cashu  were  presented 
by  Rodriguez  and  Cadle  (1990).  The  numbers  of  species  in  the  three  areas  are 
given  in  Table  4. 

More  than  550  species  of  birds  have  been  recorded  at  the  Reserva 
Tambopata  and  at  Cocha  Cashu  in  the  Parque  Nacional  Manii  (Robinson  and 

Table  4.  Comparative  numbers  of  species  of  amphibians  and  reptiles  at  three 
sites  in  the  Departamento  de  Madre  de  Dios,  Peru. 


Taxon  Cuzco  Amazonico         Tambopata        Cocha  Cashu 

Anurans  64  79                       76 

Caecilians  0  11 

Salamanders  0  0                          1 

Amphisbaenians  1  10 

Crocodilians  3  4                         2 

Lizards  23  23                        25 

Snakes  49  47                        21 

Turtles  5  5                        5 

Total  145  160                     131 
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Terborgh,  1 990);  both  sites  have  received  much  more  intensive  ornithological 
study  than  has  Cuzco  Amazonico,  where  only  366  species  of  birds  have  been 
recorded  (Davis  et  al.,  1991).  Even  with  more  intensive  study  at  Cuzco 
Amazonico,  the  number  of  avian  species  there  probably  will  not  approximate 
those  at  the  other  sites  owing  to  the  absence  of  bamboo  and  lakes  at  Cuzco 
Amazonico. 

The  mammal  fauna  at  the  Reserva  Tambopata  has  not  been  studied 
systematically,  but  intensive  studies  at  Cocha  Cashu  reveal  the  presence  there 
of  70  nonflying  mammals  (Terborgh  et  al.,  1 984;  Janson  and  Emmons,  1 990). 
This  is  a  substantially  greater  number  than  the  55  species  reported  from  Cuzco 
Amazonico  (Woodman  et  al.,  1991 ).  Some  of  this  disparity  probably  reflects 
the  relative  amounts  of  time  investigators  have  worked  in  the  two  areas  and 
the  greater  diversity  of  habitats  at  Cocha  Cashu.  Bats  have  been  sampled 
inadequately  at  both  sites. 

Nearly  50%  of  the  genera  of  ants  known  from  South  America  were  found 
at  Cuzco  Amazonico;  of  the  262  species,  52  are  Pheidole,  and  23  are 
Camponotus.  At  least  30  of  the  species  of  Pheidole  are  undescribed,  and 
Cuzco  Amazonico  has  the  highest  known  ant  diversity  of  any  site  in  the  world 
(E.  O.  Wilson,  pers.  comm.).  The  341  species  of  butterflies  are  a  small 
percentage  of  the  1,1 22  species  recorded  from  Tambopata  by  Lamas  ( 1985 ). 
The  butterfly  fauna  at  Tambopata  has  been  surveyed  much  more  extensively 
than  that  at  Cuzco  Amazonico;  yet,  collections  from  the  latter  included  one 
new  species  and  eight  new  subspecies. 

Although  processing  and  identification  of  the  botanical  collections  has  not 
been  completed,  it  is  evident  that  the  flora  of  Cuzco  Amazonico  is  similar  to 
that  of  the  flood  plain  forest  at  Cocha  Cashu  (Foster,  1990;  Gentry  and 
Terborgh,  1990)  and  even  more  like  the  restricted  patch  of  mature  flood  plain 
forest  at  Tambopata  (Gentry.  1988).  For  example,  Ihartea  deltoides  is  the 
most  common  tree  at  Cuzco  Amazonico  and  in  the  alluvial  plot  at  Tambopata; 
it  is  the  second  most  common  tree  at  Cocha  Cashu.  All  of  the  most  common 
species  of  trees  at  Cuzco  Amazonico  are  present  (and  usually  common)  at  the 
other  two  sites.  However,  there  are  notable  floristic  differences  among  the 
sites.  For  example,  Otoha  parvifolia,  by  far  the  most  common  tree  at  Cocha 
Cashu,  is  rare  at  Cuzco  Amazonico  and  Tambopata,  whereas  Socratea 
exorrhiza,  the  second  most  common  tree  in  alluvial  forest  at  Tambopata,  is 
absent  at  Cocha  Cashu  and  rare  at  Cuzco  Amazonico.  Quararibea  wittii.  the 
second  most  common  species  at  Cuzco  Amazonico,  is  the  fourth  most 
common  species  at  Cocha  Cashu  but  rare  at  Tambopata.  In  contrast, 
Pseudolmedia  laevis,  the  third  most  common  species  at  Cuzco  Amazonico, 
is  uncommon  at  the  other  sites,  although  it  is  common  on  lateritic  soils  at 
Tambopata.  Cuzco  Amazonico  has  a  number  of  species  of  trees  and  vines  not 
known  from  either  of  the  other  sites;  these  include  several  species  new  to 
science. 


■g   g   Oiiii-o-a   s 


t  a 


p  t:  ■^  t:  — 


a 


sr 

ar 

u 

s 

■i: 

,^ 

^ 

^ 

y 

^ 

ri 

u 

tS 

a 

^ 

"2 

0 

s 

x: 

OJ 

■o 

.2 

5 

Z 

I*-; 

'^ 

u 

a: 

5^ 

U 

3 

a: 

77 

r 

G 

i/; 

OJ 

:i 

^ 

p. 

D. 

u 

rr-] 

•n 

-C 

1 

^ 

^ 

-J 

c 

d. 

H 

1 

E 

-a 

^ 

— 

00 

S 

t. 

S  P 

on 

n 

"flj 

a 

d.S 

-C 

< 

u 

^ 

s 

=  ^ 

o 

a 

d. 

o 

s 

2 
'E 

o 

c 

O 

r-j 

■?,    T, 

?=; 

§ 

? 

blj 

3 

r-j 

a> 

3 

i; 

m 

!4 

^ 

S,A 

§ 

■^ 

D. 

C 

OJ 

e- 

ri  a 

1» 

!:i 

U 

Q. 

r. 

s 

00 

J 

d. 

o 

4J      U 

-2 

2 

''I 
ri 

1 

'5 
.5 

D- 

i 

5 

S  2 
p.  « 

C/1     -^ 

Q 

> 

C/^ 

-2  < 

-2f- 

J3 

a. 

d. 

>> 

a-' 

■:3 

->    a. 

2 

H 

^ 

^ 

3 

OJ 

^ 

u 

-5 

D 

^   § 

a. 

Si 

^ 

i« 

if  "^ 

2 
< 

3 

c 

o 

y  ^ 

c 
c 

2 

1 

c 

c 
'a. 

C>0 

s  g  ^- 

ill 

3    3    u 

a   ^ 

'I 

;^ 

D. 

?" 

!^ 

5" 

§ 

? 

■  2   = 

r3 
C3 

£ 

a7 

DC 

a; 

5   § 
d    >> 

o 
F 

^ 

a 

Sc 

rj 

C-l 

^ 

to 

CN 

II 

II 
"(5 

3 

e  < 

n 

dj 

1 

a. 

c 

1 

D. 

> 

1 

Oil 

1 

r 

II 

a> 

"o 

n 

o 

a. 

Wj 

-J 

> 

CQ 

o 

•^ 

< 

THE  RESERVA  CUZCO  AM AZON  ICO.  PERU  25 


CONSERVATION 

During  the  past  decade,  the  theory  and  practice  of  conserving  the  world's 
rain  forests  has  been  the  subject  of  many  writings  by  biologists  and 
conservationists;  some  excellent  books  (e.g..  Collins,  1990)  have  been 
written  for  the  lay  public.  It  is  generally  agreed  that  most  species  of  plants  and 
animals  occur  in  the  tropics  and  that,  biologically,  the  upper  Amazon  Basin 
is  one  of  the  richest  regions  in  the  world.  However,  knowledge  of  the  species 
and  their  distributions  is  woefully  inadequate  for  most  groups  of  organisms. 
Only  in  the  last  few  years  has  sufficient  information  become  available  for  the 
best-known  group  of  organisms,  birds,  to  assess  the  number  of  species  and 
their  abundances  and  distributions  in  the  upper  Amazon  Basin  (Robinson  and 
Terborgh.  1990).  Herein,  we  address  three  points:  (1)  preservation  of  the 
natural  environment,  (2)  effects  of  collecting  of  biological  specimens,  and  (3) 
reintroduction  of  animals  into  preserved  areas. 

Preservation. — There  are  many  reasons  for  the  preservation  of  natural 
areas.  In  the  Amazon  Basin,  protected  areas  have  been  designated  principally 
for  conservation  of  the  biota,  but  also  for  the  protection  of  watersheds  and  of 
indigenous  peoples.  The  rapid  degradation  of  Amazonia  necessitates  the 
protection  of  more  large  areas  before  they  are  destroyed  by  ever-increasing 
exploitation  and  to  give  scientists  time  to  develop  wise  management  practices 
for  the  rain  forest. 

Reserves  and  parks  should  not  be  established  solely  for  the  preservation  of 
pristine  forests,  but  also  for  puiposes  of  biological  investigations,  development 
and  management  of  sustainable  yields,  and  public  education.  A  logical 
question  was  raised  initially  when  Cuzco  Amazonico  was  granted  10,000  ha 
for  preservation:  What  are  we  preserving?  Discussions  between  the  authors 
in  1 983  focused  on  three  points:  ( I )  the  preservation  of  the  natural  environment 
in  the  reserve;  (2)  the  need  for  biological  inventories  to  detennine  the  biotic 
diversity;  and  (3)  the  need  to  identify  plants  and  animals  for  potential 
sustainable  commercial  use. 

Basic  inventories  of  the  trees,  vertebrates,  and  some  groups  of  invertebrates 
have  been  accomplished.  These  reveal  that  several  species  of  animals  listed 
by  CITES  occur  on  the  reserve.  These  include  three  species  of  crocodilians — ^the 
spectacled  caiman  {Caiman  crocodilus),  the  black  caiman  (Mekinosuchus 
niger),  and  the  smooth-fronted  caiman  (Paleosiicluis  trigonatus)  (Duellman 
and  Salas,  1 99 1 ).  The  yellow-footed  tortoise,  Geochelone  denticidata,  occurs 
on  the  reserve;  the  yellow-spotted  Amazon  river  turtle,  Podocnemis  uuifiUs, 
is  reasonably  common  in  the  river,  and  local  people  report  that  it  nests  on  the 
sandy  beaches  of  Isla  Rolin.  Large  mammals  include  at  least  three  cats— the 
jaguar  (Panthera  onca).  the  ocelot  {Felis  pardalis),  and  the  margay  (Felis 
wiedii) — plus  the  tapir  {Tapinis  terrestris),  the  white-tailed  deer  {Odocoi lens 
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virginianus),  the  giant  anteater  {Myrmecophaga  thdactyla),  and  the  bush  dog 
(Atelocynus  microtis)  (Woodman  et  al.,  1991).  Eight  species  of  monkeys  are 
known  from  the  reserve.  The  most  common  is  the  squirrel  monkey  {Saimiri 
bolivensls);  one  troop  of  about  40  individuals  can  be  seen  almost  daily  near 
the  lodge.  At  least  two  troops  of  saddle-backed  tamarins  (Sanguinusfitscicollis) 
commonly  are  seen  in  Study  Zone  1 .  Red  howler  monkeys  {Alouatta  seniculus) 
are  heard  more  frequently  than  seen.  The  occurrence  of  at  least  two  species 
of  birds  with  small  geographic  ranges  is  especially  significant — the  black- 
faced  cotinga  {Conioptilon  mcilhennyi)  and  the  bamboo  antshrike 
(Cymhilaimiis  santaemariae)  (Davis  et  al.,  1991). 

Personnel  at  the  reserve  are  working  with  entomologists  to  ascertain  the 
feasibility  of  captive  breeding  of  butterflies  for  commercial  use.  Many  shops 
in  Lima  and  Cuzco  sell  cases  of  butterflies;  about  two  thirds  of  these  butter- 
flies come  from  Malaysia  (G.  Lamas,  pers.  comm.).  If  native  Amazonian 
butterflies  can  be  raised  in  numbers  in  cages,  the  demand  for  souvenirs  of 
butterflies  can  be  met  with  Peruvian  specimens  bred  for  that  purpose  without 
diminishing  natural  populations.  In  the  past  decade  terrarium  keepers, 
especially  in  Europe,  have  created  a  great  demand  for  the  brightly  colored 
dendrobatid  frogs,  many  species  of  which  occur  in  Amazonian  Peru.  Rainer 
Schulte  now  has  a  breeding  program  underway  in  Tarapoto,  Peru.  Successful 
captive  breeding  of  these  frogs  can  meet  the  demands  of  the  market  without 
commercial  collectors  decimating  local  populations.  Personnel  at  Cuzco 
Amazonico  also  are  working  with  botanists  and  agriculturalists  to  determine 
which  seeds  of  plants  on  the  reserve  can  be  removed,  planted,  and  grown 
elsewhere  for  commercial  use.  In  addition  to  providing  sustainable  yields 
from  the  rain  forest,  these  activities  provide  employment  for  local  persons, 
who  otherwise  might  be  engaged  in  environmentally  destructive  activities. 

The  identification  of  plants  and  animals  of  potential  sustainable  commercial 
use  is  only  the  first  step  in  wise  management  of  rain  forests.  Long-term 
preservation,  management,  and  commercialism  can  result  only  from  effective 
collaboration  among  biologists,  conservationists,  agriculturalists,  businessmen 
(especially  those  in  marketing  and  transportation),  educators,  and  appropriate 
persons  in  government.  Two  aspects  of  education  are  important.  The  first  is 
that  destruction  of  forests  for  quick  profits  is  economically  unsound  and  that 
this  practice  has  definite  temporal  limitations.  In  the  long  term,  school 
children  and  their  teachers  need  to  be  educated  about  the  rain  forest,  its 
inhabitants,  and  its  potential. 

Personnel  at  Cuzco  Amazonico  are  developing  a  program  with  school 
teachers  in  Puerto  Maldonado.  Lectures  will  be  given  in  school  classes,  after 
which  children  will  be  instructed  for  a  day  at  the  reserve.  Hopefully,  means 
will  be  found  to  bring  biology  teachers  from  throughout  the  country  to  the 
reserve  for  week-long  workshops  taught  by  persons  knowledgeable  about  the 
rain  forest  and  its  potential  sustainable  uses. 
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Collecting. — Most  conservationists  and  some  biologists  do  not  condone 
the  collecting  of  plants  and  animals  (especially  vertebrates)  in  protected 
areas.  This  attitude  is  appropriate  in  the  case  of  large,  well-known  species, 
such  as  macaws,  eagles,  cats,  monkeys,  crocodilians,  and  tortoises,  most  of 
which  can  be  identihed  easily  by  sight.  Adequate  field  guides,  some  with 
excellent  color  illustrations,  are  available  for  the  identification  of  many 
species  of  birds  (e.g.,  Meyer  de  Schauensee,  1970;  Hilty  and  Brown,  1986) 
and  mammals  (Emmons.  1990).  However,  such  is  not  always  the  case. 
Identifications  of  most  plants,  insects,  spiders,  amphibians,  and  reptiles  need 
to  be  made  by  taxonomic  specialists.  Even  these  specialists  sometimes  must 
spend  hours  preparing  specimens  and  comparing  them  with  other  specimens, 
including  types,  before  proper  identirtcations  can  be  made.  For  example, 
although  a  field  guide  exists  for  mammals,  many  species  of  rodents  cannot  be 
identified  until  the  skulls  have  been  cleaned  and  dentition  and  other  characters 
examined  in  detail. 

Inventorying  the  rich  biota  in  lowland  tropical  rain  forests  necessitates  the 
documentation  of  the  occurrence  of  species  at  many  sites.  Except  for  sight 
records  of  well-known  species  (and  acoustic  recordings  of  birds  identified  by 
a  few  qualified  specialists),  occurrence  must  be  documented  by  specimens. 
Lack  of  sufficient  specimens  leads  to  incomplete  or  incoirect  assessment  of 
occurrence.  For  example,  park  policy  originally  prevented  Lily  B.  Rodriguez 
from  collecting  at  Cocha  Cashu  in  Parque  Nacional  Manu.  She  attempted  to 
document  the  frog  fauna  by  photographs  and  written  descriptions.  Anuran 
taxonomists  were  unable  to  identify  many  of  her  "species";  consequently, 
the  list  of  frogs  from  Cocha  Cashu  (Rodriguez  and  Cadle,  1990)  contains 
many  unidentified  taxa  and  others  that  are  suspect. 

New  species  of  all  taxonomic  groups,  even  birds,  continue  to  be  found  in 
the  Amazon  Basin,  as  well  as  elsewhere  in  tropical  America.  Likewise,  the 
distributions  of  species  continue  to  be  refined,  sometimes  by  notable  range 
extensions.  For  example,  the  field  studies  at  Cuzco  Amazonico  produced  six 
species  of  frogs  (nearly  10%  of  those  collected)  that  were  new  to  science 
(Duellnian  and  Salas,  1 99 1 ).  Three  species  of  frogs  were  recorded  for  the  first 
time  from  Peru;  two  lizards,  one  snake,  and  seven  mammals  were  recorded 
for  the  first  time  from  southern  Peru  (Duellman  and  Salas,  1991 :  Woodman 
et  al.,  1 99 1 ).  Had  collecting  been  prohibited,  the  new  species  and  most  of  the 
significant  range  extensions  would  not  have  been  documented. 

Sometimes,  specimens  and  associated  data  of  even  common  and  widespread 
species  provide  unexpected  surprises.  For  example,  the  dendrobatid  frog, 
Epipedohates  pictits.  is  widespread  in  the  upper  Amazon  Basin.  Preserved 
specimens,  photographs  of  living  individuals,  and  recordings  of  advertisement 
calls  reveal  that  the  population  at  Cuzco  Amazonico  is  specifically  distinct 
from  the  population  at  nearby  Lago  Sandoval  south  of  the  Rio  Madre  de  Dios 
(C.  W.  Myers,  pers.  comm.). 
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Fig.  22.  Map  of  trees  and  vines  with  DBH  >  10  cm  in  Quadrat  U19  in  Zone  2. 
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are  numbered  tags  on  trees.  Identifications  and  diameters  [in  cm]  are:  2220  unidentified 
[10.0];  2221  Rheeciia  sp.  (Guttiferae)  [14.7];  2222  Lecoiiitea peruviana  (Fabaceaea) 
[11.3];2223//?gasp.A(Leguminosae)[60.7];2224LM«(7/7/(7pan'z^orfl(Flacourtiaceae) 
[11.2];  2225  Machaerium  sp.  (Leguminosae)  [13.0];  2226  Scheelea  sp.  (Palmae) 
[26.0];  2227  Licania  sp.  (Chrysobalanaceae)  [16.0];  2228  Dicraiiostyles  sp. 
(Convolvulaceae)  [10.8];  2229  A't'^'a  sp.  A(Nyctaginaceae)  [16.5];  22?iO  Sorocea  sp. 
(Moraceae)  [38.6];  2231  Celtis  schippii  (Ulmaceae)  [12.0];  2232  Pseudolmedia  sp. 
(Moraceae)  [12.5];  2233  Clarisia  racemosa  (Moraceae)  [22.7];  2234  Malmea  sp. 
(Annonaceae)  {\5 .'&]\22}>5 P seudolmedia laevis (y[oract3iQ)[\2.Q\:22}<b C omhretiim 
sp.  (Combretaceae )  [  1 0.0] ;  22il Neea  sp.  B.  ( Nyctaginaceae )  [  1 0.3] ;  2238  Giiarea  sp. 
(Meliaceae)[11.9J;2239//7/7/wr/-a/e»vo/z//:'/7/i'(Hippocrataceae)[12.8];22405<:>'r6»crfl 
sp.  (Moraceae)  [18.0];  2241  Quararihea  ochrocaly.x  (Bombacaceae)  [24.2];  2242 
Triplaris  sp.  (Polygonaceae)  [14.0];  2243  Licania  sp.  (Chrysobalanaceae)  [36.2]; 
2244  Coccoloha  sp.  (Polygonaceae)  [16.7];  2245  unidentified  (Annonaceae)  [14.9]; 
2246  Coccoloha  sp.  (Polygonaceae)  [27.0];  2247  Tapiira  sp.  (Dichapctalaceae) 
[11.6];  2248  Euterpe  precatona  (Palmae)  [15.1]. 
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Concern  has  been  expressed  that  collecting  decimates  populations.  To  the 
uninitiated,  the  collection  of  20  or  30  individuals  of  a  species  from  one  locality 
may  seem  to  be  extravagant.  However,  such  numbers  are  necessary  in  order 
to  document  sexual  and  ontogenetic  differences,  reproductive  activity,  and 
food  habits  in  many  taxa.  We  are  unaware  of  any  notable  declines  in 
populations  because  of  collecting  by  responsible  biologists.  For  example,  in 
January  1986.  a  new  species  of  tree  frog.  Hyla  koechlini,  was  discovered  at 
CuzcoAmaz6nico(DuellmanandTrueb,  1989);  82  specimens  were  collected 
at  temporary  ponds.  During  subsequent  field  work  in  the  rainy  seasons 
(November  1986.  December  1989.  January-February  1990).  this  frog  was 
observed  to  be  as  abundant  at  the  same  ponds  as  it  was  in  January  1986. 

Persons  expressing  concern  about  numbers  of  specimens  collected  must 
take  into  account  the  sparseness  of  sampling  procedures  expressed  as  a 
fraction  of  the  landscape.  For  example,  the  Reserva  Cuzco  Amazonico 
consists  of  10.000  ha  ( 100.000.000  nr  of  surface  area).  The  sampling  by  the 
BIOTROP  field  parties  was  along  approximately  10.000  m  of  trails;  most 
sampling  was  done  within  5  m  of  a  trail,  so  the  maximum  sampling  area  can 
be  calculated  as  10.000  m  by  10  m,  or  100,000  nr  of  surface  area.  This 
amounts  to  0.1%  of  the  suiface  area  in  the  reserve.  Assuming  an  average 
canopy  height  of  30  m,  the  reserve  contains  3,000,000,000  m"*  of  habitat.  With 
only  a  few  exceptions  (some  birds  and  mammals  that  were  shot),  the  effective 
sampling  height  was  2  m;  thus,  the  volume  of  area  sampled  was  only  0.0067% 
of  the  reserve.  Thus,  despite  intensive  collecting,  only  a  miniscule  part  of  the 
reserve  in  fact  was  sampled. 

These  data  underscore  the  fact  that  biotic  inventories  and  other  kinds  of 
scientific  collecting  are  likely  to  have  no  significant  negative  impact  on  the 
biota  in  lowland  rain  forests,  other  than,  of  course,  large,  mobile,  low-density 
animals  such  as  macaws  and  monkeys.  The  collection  of  relatively  few 
specimens  to  answer  important  scientific  questions  has  a  minimal  effect  on 
the  biota,  in  contrast  to  the  wholesale  destruction  of  plant  and  animal  life  with 
no  scientific  benefits  resulting  from  the  clearing  of  a  few  hectares  of  forest 
(Diamond.  1987) — a  practice  that  occurs  hundreds  of  times  daily  in  the 
Amazon  Basin. 

Reintroduction  of  animals. — The  placement  ofcaptive-bred  or  confiscated 
rare  or  endangered  species  in  their  natural  habitats  has  many  ramifications. 
Biologists  are  concerned  that  captive-bred  animals  may  not  be  able  to  survive 
under  natural  conditions,  or  that  individuals  from  zoos  may  introduce 
diseases  to  the  native  population.  FurtheiTnore.  if  an  introduced  individual  is 
from  a  different  area  and  breeds  successfully,  it  may  modify  the  future  genetic 
composition  of  the  population. 

Upon  an  agreement  with  the  Direccion  General  Forestal  y  de  Fauna,  the 
Reserva  Cuzco  Amazonico  began  late  in  1 990  to  receive  confiscated  animals 
for  release  on  the  reserve.  These  are  animals  that  are  being  sold  illegally  in 
Lima;  they  are  held  briefly  in  the  zoo  in  the  Parque  de  las  Leyendas  in  Lima 
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Fig.  23.     Species-discovery  rates  of  amphibians,  reptiles,  and  mammals  during 
the  BIOTROP  program  at  Cuzco  Amazonico. 
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Fig.  24.     Incremental  percentage  species-discovery  rates  of  frogs,  lizards,  and 
snakes  during  the  BIOTROP  program  at  Cuzco  Amazonico. 
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before  being  transported  to  Cuzco  Amazonico.  So  far.  nine  tortoises 
{Geocheloiie  denticiilata),  two  spicier  monkeys  (Ateles  paniscus),  and  three 
coatis  {Nasua  nasua)  have  been  released. 


ECOTOURISM 

As  so  eloquently  stated  by  Kathryn  S.  Fuller,  President  of  World  Wildlife 
Fund-US  (Boos.  1990:.\7). 

In  developing  countries  around  the  world,  tourism  to  natural  areas, 
sometimes  called  ecotourism  or  nature  tourism,  is  becoming  increas- 
ingly popular,  as  both  domestic  and  international  visitors  flock  to  these 
special  places.  To  conservationists,  this  growth  is  a  cause  for  both 
enthusiasm  and  concern.  Ecotourism  can  generate  badly  needed  rev- 
enue for  local  and  regional  economies,  heightened  local  awareness  of 
the  importance  of  conservation,  and  new  incentives  for  governments 
and  dwellers  in  and  around  appealing  natural  areas  to  preserve  them.  At 
the  same  time,  however,  the  demands  placed  on  ecosystems  and  natural 
resources  from  increased  tourism  can  destroy  the  very  attractions  that 
draw  people.  Developing  ecotourism  wisely  therefore  poses  an  enor- 
mous challenge. 

Ecotourism  has  been  a  mainstay  in  the  economies  of  some  African 
countries,  especially  Kenya,  where  thousands  of  persons  annually  visit  game 
parks  and  preserves.  Big  game  hunting  has  given  way  to  "camera  safaris,"  the 
revenue  from  which  not  only  sustains  economies,  but  provides  significant 
funding  for  biological  research  and  conservation.  Because  generally  tourists 
could  not  comfortably  view  a  great  variety  of  wildlife,  especially  "big  game," 
in  South  America,  for  many  years  ecotourism  took  a  back  seat  to  historic  sites 
in  cities  and  to  archaeological  ruins  of  foimer  civilizations. 

In  the  late  1960s  this  perception  changed  when  tourists  began  to  visit  the 
Galapagos  Islands  of  Ecuador,  where  a  diversity  of  wildlife  could  be  viewed 
and  comfortable  accommodations  were  provided  aboard  ships.  Subsequently, 
ecotourism  became  more  popular  in  South  America  with  the  advent  of  more 
government  parks  and  private  reserves.  There  are  now  more  than  30  parks  and 
reserves  in  Ecuador,  French  Guiana,  Peru,  and  Venezuela  that  have  facilities 
for  tourists  (Castner,  1990).  Tour  companies  in  Europe  and  North  America 
offer  "nature"  and  "birding"  tours.  Even  now.  the  majority  of  tourists  who 
visit  parks  and  reserves  in  South  America  are  members  of  general  tours  ( Boos, 
1990). 

With  the  establishment  of  several  private  reserves  and  the  Parque  Nacional 
Manu,  ecotourism  has  become  an  important  part  of  the  economy  of  Madre  de 
Dios.  In  1988,  income  from  tourism  in  Madre  de  Dios  exceeded  that  of 
logging  and  was  third  behind  gold  dredging  and  cattle  ranching.  The  importance 
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of  ecotourism  to  the  economy  of  Peru  is  now  being  realized;  possible 
legislation  to  maintain  the  entire  Departamento  de  Madre  de  Dios  as  a  natural 
area  and  to  designate  Puerto  Maldonado  as  a  center  for  ecotourism  is  being 
studied.  Plans  call  for  the  improvement  of  air  service  and  tourist  facilities. 
Thus,  many  more  tourists  can  be  expected  to  visit  the  region  in  the  near  future. 

As  noted  previously,  the  number  of  tourists  visiting  Cuzco  Amazonico  has 
grown  to  more  than  3,000  per  year.  Although  some  individuals  and  small 
groups  (including  nature  and  birding  groups)  visit  the  reserve  for  varying 
lengths  of  time,  the  majority  of  persons  are  in  general  tour  groups,  mostly 
from  Europe.  These  groups  nomially  spend  two  nights  at  the  reserve.  Most  of 
these  tourists  enter  the  forest  on  the  reserve  only  on  guided  tours  along  the 
nature  trail  (Trail  A,  Fig.  8).  Individuals  are  provided  a  map  (Fig.  8)  with 
multilingual  explanations  on  the  reverse  so  that  they  can  walk  Trails  A-D 
without  guides.  Tourists  are  not  permitted  to  enter  the  study  zones  unless 
accompanied  by  a  biologist.  Except  for  occasional  litter,  the  only  noticeable 
effect  of  tourists  is  degradation  of  trails  in  the  rainy  season. 

Biologists  working  at  the  reserve  commonly  give  presentations  to  tourists 
and  provide  explanations  to  individuals  who  visit  the  laboratory.  Several 
tourists  have  accompanied  biologists  when  checking  traps  or  nets  and  even 
participate  in  nocturnal  trips  to  swamps  for  frogs.  It  is  not  uncommon  for 
tourists  to  ask  for  references  so  they  can  read  about  the  rain  forest  and  its 
inhabitants.  Thus,  many  tourists  experience  not  only  the  thrill  of  sleeping  in 
a  thatch-roofed  bungalow  in  the  jungle  but  also  leave  the  reserve  with  an 
appreciation  of  the  rain  forest  and  some  idea  of  the  biological  work  that  is 
being  done  and  the  significance  of  conserving  the  forest. 


DISCUSSION 

The  collaborative  arrangements  between  the  management  of  the  Albergue 
Lodge  Cuzco  Amazonico  and  biologists  from  institutions  in  Peru  and  the 
United  States  illustrate  well  that  such  collaboration  can  be  mutually  beneficial. 
This  collaboration  was  instrumental  in  the  initiation  of  the  Neotropical 
Biological  Diversity  Program.  Biologists  have  benefited  immensely  from  the 
logistic  support  provided  by  the  reserve  and  the  reserve  has  benefited  by  the 
training  of  guides  for  increased  enlightenment  of  tourists  and  by  biological 
data  pertinent  to  the  development  of  potential  commercial  ventures. 

The  Cuzco  Amazonico  model  can  be  adopted  for  use  throughout  Latin 
America  to  the  benefit  of  biology,  conservation,  and  tourism.  It  is  beneficial 
for  managers  of  private  reserves  and  government  officials  responsible  for 
national  parks  and  reserves  to  encourage  biological  investigations  by  creating 
adequate  facilities  for  biological  research  and  making  these  facilities  available 
to  biologists  on  a  nonprofit  basis.  Biologists  can  plan  effective  research 
programs  to  be  carried  out  at  one  or  more  reserves  that  will  provide  data 
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pertinent  to  our  better  understanding  and  potential  sustainable  use  of  tropical 
environments.  Furthermore,  managers  and  biologists  working  together  can 
provide  a  realistic  interpretation  of  the  environment  to  local  inhabitants  and 
to  tourists.  Once  local  people  have  an  understanding  and  appreciation  of  the 
environment  and  observe  tourists  coming  from  throughout  the  world  to  visit 
reserves,  they  will  take  pride  in  their  environment  and  strive  to  maintain  it. 
The  ever-increasing  number  of  tourists  will  gain  an  appreciation  of  tropical 
environments;  this  may  influence  legislation  in  their  own  countries  that  will 
have  an  impact  on  the  tropics.  Moreover,  ecotourism  has  the  potential  to 
provide  the  finances  necessary  for  maintaining  reserves  and  parks,  supporting 
biological  research  and  conservation,  and  improving  local  economies. 

Fundamental  to  the  preservation  of  tropical  rain  forests  and  the  sustainable 
use  of  these  forests  is  a  knowledge  of  the  biota.  Accurate  and  comparable  data, 
such  as  that  obtained  at  Cuzco  Amazonico  by  the  BIOTROP  project,  are 
essential  if  biologists  are  to  provide  conservationists,  foresters,  agriculturalists, 
and  politicians  with  the  information  necessary  for  innovative,  sustainable  use 
of  rain  forests.  Integration  of  the  diverse  expeitise  represented  by  these 
disciplines  must  occur  in  the  immediate  future  if  future  generations  of  humans 
are  to  inherit  a  living  planet. 
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SUMMARY 

Cuzco  Amazonico  is  a  privately  maintained  reserve  of  10,000  ha  at  an 
elevation  of  200  m  in  the  Departamento  de  Madre  de  Dios  in  Amazonian  Peru. 
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The  area  receives  about  2,400  mm  of  rain  annually,  but  relatively  little  rain 
falls  in  May-October.  The  lowland  tropical  rain  forest  has  an  incomplete 
canopy  about  30  m  above  the  ground;  some  emergent  trees  attain  heights  of 
40  m.  Biological  investigations  were  initiated  at  the  reserve  in  1979.  The  most 
extensive  biological  surveys  were  undertaken  in  1989-1990  by  biologists 
from  four  institutions  in  the  BIOTROP  project  administered  by  the  Center  for 
Neotropical  Biological  Diversity  at  The  University  of  Kansas.  This  program 
endeavors  to  sample  and  record  data  on  trees,  terrestrial  vertebrates,  and 
selected  groups  of  invertebrates  in  a  rigid  manner  within  a  system  of  quadrats, 
so  that  accurate  comparisons  can  be  made  between  sites  and  thus  provide  a 
quantitative  assessment  of  species  richness  and  species  associations  in 
relation  to  physical  environmental  variables  in  the  neotropics.  Preliminary 
results  indicate  that  biodiversity  at  Cuzco  Amazonico  is  similar  to  that  at  the 
more  extensively  studied  Reserva  Tambopata  and  at  Cocha  Cashu  in  the 
Parque  Nacional  Manu,  both  in  Madre  de  Dios. 

The  Reserva  Cuzco  Amazonico  is  dedicated  to  ( 1 )  preservation  of  the  rain 
forest,  (2)  investigations  leading  to  a  better  understanding  of  the  rain  forest 
and  its  wise  management  and  sustainable  commercial  use,  and  (3)  ecotourism. 
Inventories  of  the  biota  are  basic  to  other  kinds  of  investigations  and  are 
necessaryforthe  identification  of  species  of  potential  sustainable  commercial 
use.  Accurate  biological  inventories  necessitate  the  collection  of  numerous 
specimens  of  all  but  large,  well-known,  and  easily  identified  animals.  The 
collection  of  properly  prepared  and  documented  specimens  should  be 
encouraged  in  reserves  and  parks  for  adequate  documentation  of  occurrence 
necessary  to  determine  patterns  of  species  diversity.  There  is  no  evidence  for 
significant  negative  impact  by  responsible  scientific  collecting  or  ecotourism 
on  natural  populations  of  the  rain  forest.  Programs  are  underway  at  Cuzco 
Amazonico  to  determine  the  feasibility  of  commercial  use  of  captive-bred 
butterflies  and  plants  grown  from  seeds  harvested  on  the  reserve.  Native 
animals  confiscated  by  government  agencies  are  being  reintroduced  on  the 
reserve.  The  preservation  and  sustainable  use  of  the  rain  forest  necessitates 
education  of  the  public;  Cuzco  Amazonico  plans  to  provide  this  kind  of 
education  to  children  in  Puerto  Maldonado.  In  recent  years,  as  many  as  3,000 
tourists  visit  the  reserve  annually.  Ecotourism  is  important  in  that  it  provides 
an  opportunity  to  educate  persons  from  many  parts  of  the  world  about  the  rain 
forest  and  its  inhabitants;  furthermore,  ecotourism  funds  the  maintenance  of 
the  reserve,  supports  research,  and  helps  sustain  the  local  economy. 


RESUMEN 

Cuzco  Amazonico  es  una  reserva  de  propiedad  privada  de  1 0,000  ha  a  una 
elevacion  de  200  m  en  el  Departamento  de  Madre  de  Dios  en  el  Peru 
amazonico.  El  area  recibe  aproximadamente  2,400  mm  de  precipitacion  anual. 
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pero  relativamente  poca  lluvia  cae  de  Mayo  a  Octubre.  El  bosque  pluvial  tropical 
en  estas  tierras  bajas  tiene  una  boveda  incompleta  a  aproximadamente  30  m 
encima  del  suelo;  algunos  arboles  sobresalen  y  alcanzan  alturas  de  40  m.  Las 
investigaciones  biologicas  en  la  reserva  se  iniciaron  en  1 979.  Las  exploraciones 
biologicas  mas  estensivas  en  1 989- 1 990  fueron  emprendidas  en  1 989-1 990  por 
biologos  de  cuatro  instituciones  en  el  proyecto  BIOTROP  admin istrado  por  el 
Centro  para  la  Diversidad  Biologica  Neotropical  (Center  for  Neotropical 
Biological  Diversity)  en  la  Universidad  de  Kansas.  Este  programa  pretende 
muestrear  y  registrar  datos  de  los  arboles,  vertebrados  terrestres  y  grupos 
selectos  de  invertebrados  en  una  manera  estandardizada  dentro  de  un  sistema  de 
cuadrantes,  de  tal  manera  que  puedan  hacerse  comparaciones  precisas  entre 
sitios  y  asi  proveer  un  analisis  cuantitativo  de  la  riqueza  de  las  especies  y 
asociaciones  especifics  en  relacion  con  variables  de  ambiente  fisico  en  las  tierras 
neotropicales.  Resultados  preliminares  indican  que  la  biodiversidad  en  Cuzco 
Amazonico  es  similar  tanto  a  la  de  la  Reserva  Tambopata  como  a  aquella  de 
Cocha  Cashu  en  el  Parque  Nacional  Manii,  ambas  situadas  en  Madre  de  Dios. 

La  Reserva  Cuzco  Amazonico  se  dedica  a  ( 1 )  la  preservacion  del  bosque 
pluvial  tropical  (2)  hacer  investigaciones  que  lleven  a  un  mejor  entendimiento 
del  bosque  pluvial  tropical  y  de  su  apropiado  manejo  y  uso  comercial  sostenido, 
y  (3)  el  "ecoturismo""  o  turismo  ecologico.  Los  inventarios  bioticos  son  basicos 
para  otras  clases  de  investigaciones  y  son  necesarios  para  la  identiticacion  de 
especies  con  potencial  de  uso  comercial  sostenido.  Inventarios  biologicos 
precisos  requieren  la  recoleccion  de  numerosos  especimenes  de  todos  los 
animales,  excepto  aquellos  grandes,  bien  conocidos  y  facilmente  identificables. 
La  recolecta  de  especimenes  adecuadamente  preparados  y  documentados 
debena  ser  alentadaen  reservas  y  parques  para  obtener  la  adecuada  documentacion 
de  registros  de  ocurrencia,  necesarios  para  determinar  los  patrones  de  diversidad 
de  especies.  No  existe  evidencia  de  un  impacto  negativo  significativo  en  las 
poblaciones  naturales  del  bosque  pluvial  tropical  debido  a  la  recolecta  cienti'fica 
responsable  ni  por  el  ecoturismo. 

Existen  programas  en  progreso  en  Cuzco  Amazonico  para  detemiinar  la 
factibilidad  del  uso  comercial  de  mariposas  reproducidas  en  cautiverio  y  de 
plantas  cultivadas  a  partir  de  semillas  recogidas  en  la  reserva.  Animales  natives 
confiscados  por  agendas  gubemamentales  estan  siendo  introducidos  de  nuevo 
en  la  reserva.  La  preservacion  y  uso  sostenido  del  bosque  pluvial  requiere  la 
educacion  del  publico;  Cuzco  Amazonico  planea  dar  esta  clase  de  educacion  a 
los  ninos  de  Puerto  Maldonado.  En  los  afios  recientes.  aproximadamente  3.000 
turistas  visitaron  la  reserva  anualmente.  El  ecoturismo  es  impoilante  porque 
ofrece  una  oportunidad  para  educar  gente  de  muchas  partes  del  nuindo  sobre  la 
selva  lluviosa  tropical  y  sus  habitantes;  ademas,  el  ecoturismo  provee  los  fondos 
para  el  mantenimiento  de  la  reserva  y  para  apoyar  la  investigacion,  y  ayuda  a 
sostener  la  economia  local. 
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